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Stankus 1 
Introduction 
Lead in drinking water is a concern for many communities, as it can cause serious 
harmful effects for those exposed to it in high enough concentrations. It usually enters water 
from three possible sources: from lead pipes near the water supply, from the erosion of sediments 
that contain lead, or from pollution (​Center for Disease Control and Prevention​, 2016). Lead has 
emerged recently as a concern in the Lehigh Valley Area due to high concentrations of lead 
measured in the air in Palmerton by the Environmental Protection Agency (EPA). Lead levels in 
the air exceeded the national standard, which is a three-month rolling average of 0.15 
micrograms per cubic meter, as a result of the operations of the American Zinc Company in 
Palmerton (​Hedes​, 2018). Lead is also present in the Palmerton area in waste rock and slag piles 
that were left behind by the New Jersey Zinc Company’s ore processing plants that shut down in 
1980 (​Times News,​ 2018). Emissions from these processing plants caused defoliation of about 
2,000 acres of Blue Mountain, and operations left behind a legacy of high concentrations of 
metals in the surface sediments (​United States Environmental Protection Agency​, n.d. a.). The 
lead and other chemicals from this site also entered the air, Aquashicola Creek, and the Lehigh 
River (​Time News,​ 2018). 
The EPA found concentrations of lead in the waters at Glendon, PA, which is 
downstream from Palmerton along the Lehigh River. However, lead was not found farther north 
of Palmerton, prompting the Department of Environmental Protection (DEP) to look for a 
potential source in the Palmerton area. Preliminary measurements from the EPA have shown that 
there is lead present in the Lehigh River, but the concentrations do not exceed the action level of 
15 ppb (​United States Environmental Protection Agency​, n.d. b). However, lead is still present at 
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low concentrations, and continuous or chronic exposure to lower concentrations of lead may 
impair aquatic organisms (​Greene​, 2014). 
The concentrations of other elements and their correlations to lead, as well as the 
concentrations of lead itself, can be used to study the source of the lead and whether it comes 
from pollution or sediments using the process called elemental fingerprinting. If the lead 
correlates with anthropogenic elements, this could indicate that it is travelling from an 
anthropogenic source. 
Lead and other anthropogenic elements travel in the water in both dissolved and 
particulate forms. The dissolved form of an element is of a much smaller size than the particulate 
and is able to pass through a filter (​Bruckner​, 2016). For instance, if a 0.2 m filter is used, theμ  
dissolved lead will remain in the sample after filtration because it has a particule size smaller 
than 0.2 m. The particulate lead has a particle size larger than 0.2 m and does not passμ μ  
through it. Lead can also be converted from a dissolved to particulate form. Particulate lead is 
bound to other surfaces, whereas the dissolved simply remains in the water. Dissolved lead can 
replace the bonding of other elements on a surface, such as hydrogen ions, and in doing so 
become particulate lead as shown in the figure below. The dissolved, particulate, and total 
concentrations of lead and other elements can be measured to determine in what forms they are 
travelling. 
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Figure 1: The conversion from dissolved lead (Pb​2+​) to particulate lead occurs by lead bonding 
to a surface (S) in the place of hydrogen (H​+​) ions​. 
The concentration of lead can also be studied in relation to human and aquatic organism 
health. This is accomplished by calculating the hardness of the water, which is a measure of its 
concentrations of magnesium and calcium (​United States Geological Survey​, n.d. a). Calcium 
mitigates lead’s harmful effects by preventing the body from uptaking lead (​Simons​, 1988), so a 
greater calcium concentration and thus higher hardness will allow a greater concentration of lead 
to be present in the water without it being harmful to organisms. This hardness can be used to 
determine chronic and acute toxicity. Acute toxicity causes damage rapidly, while chronic 
toxicity takes longer to do damage. For fish, acute toxicity can do damage within the first two to 
four days of exposure (​Sprauge​, 1969). 
The main source of the concentration of lead currently observed in the Lehigh River was 
unknown, and the main goal of this research was to determine the source of the aqueous​ ​lead and 
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to​ ​identify potential organisms that will be affected. Where the lead is potentially coming from 
and what elements it correlates with were determined. Where and when the lead concentration 
exceeds the health criteria for humans and aquatic animals was also determined. The data was 
analyzed from the sample sights along the Lehigh River downstream of Palmerton, which is 
pictured below in figures 2 and 3. 
 
Figure 2: The locations of the sampling sites are shown. The mainstem samples are 
located along the Lehigh River, and the tributary samples are located at several creeks that feed 
into the Lehigh River (​United States Census Bureau​, n.d., ​PASDA​, n.d.). 
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Figure 3: A closer look at the sampling locations. The sample site names along the 
Lehigh River are labeled, as are the sampled tributaries. The boroughs and cities near the 
sample sites are also labeled (​United States Census Bureau​, n.d., ​PASDA​, n.d.). 
 
Methods and Materials 
A team of scientists from the DEP went out to sites along the Lehigh River and its local 
tributaries on three different dates: June 19, July 2, and July 19, 2018. On each date, two samples 
were collected from each site. One sample underwent syringe filtration, during which the water 
passed through a 0.2 m filter so that the particulate element concentrations were removed andμ  
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only those that were dissolved remained. This gave a “dissolved” sample, while the second 
sample did not undergo the process. The second samples contained both the dissolved and 
particulate element concentrations, and were called the “total.” The “particulate” concentrations 
were then found using the equation: 
    (1)articulate otal issolvedP = T − D  
These samples were then analyzed​ ​in the lab. Lead and other elements in the water were 
detected using inductively coupled plasma mass spectrometry (ICP-MS), which breaks up a 
liquid into an aerosol and then ions. These ions were then sorted by mass and charge and then 
detected and converted into a concentration for the corresponding elements (​Thomas​, 2004). This 
process allowed for the detection of lead and other elements in water samples, and it was used to 
determine in what concentrations these elements are present (​Spectroscopy Editors​, 2007). The 
samples from the first two sampling rounds were run by Lehigh University’s instruments, while 
the ones from the third round of sampling were run by the DEP. The data from the ICP-MS was 
then analyzed​ ​in Excel to determine any relationships between the concentrations of elements in 
the samples and their respective sampling site locations. 
Once imported into excel, the data was organized by sample site into dissolved, 
particulate, and total lead concentrations. The amount of dissolved lead present versus the 
amount of particulate lead present was analyzed. 
Next, the channel distance to each site from Palmerton was approximated using Google 
Earth. The lead contents of the samples taken from the Lehigh River were then plotted against 
the channel distance from Palmerton to each site to determine any relationships between the lead 
concentrations and the location along the Lehigh River. The data underwent a linear regression 
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analysis and p-value tests at a significance level of 0.05 to determine if the trend between lead 
concentration and distance from Palmerton was statistically significant. 
The correlations between lead and other elements for the Lehigh River samples were 
found by linear regression analyses. Zinc was focused on and graphed against the lead 
concentrations, as it is expected to travel with the lead down the Lehigh River if the zinc 
companies in Palmerton are the source. Linear regression analyses and p-values tests were used 
to determine if these correlations were statistically significant. 
The correlations between dissolved and particulate values of lead with aluminum, 
manganese, and iron were also examined for the Lehigh River samples. Linear regression 
analyses and the p-value tests with a significance level of 0.05 were also conducted. 
The flux values of each element were also calculated using the discharge values of the 
Lehigh River and its tributaries. The mean annual discharge values for the Lehigh River gages 
were found on the United States Geological Survey website, as were some of the tributary 
discharge values. For the tributaries that did not have mean annual discharge data available on 
the U.S. Geological Survey website (​U.S. Geological Survey​ n.d. b), Google Earth and CalTopo 
(​Caltopo​ n.d.) were used to calculate the discharge. First, the hydraulic radius was calculated 
using the equation (​Fetter​, 2001): 
    (2)ydraulic RadiusH = wetted perimeter
cross−sectional area  
The cross-sectional area was determined by multiplying the tributaries’ depth by their width, 
while the wetted perimeter was calculated by multiplying the depth by 2 and adding that to the 
width (​Fetter​, 2001). 
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The width was found using Google Earth and CalTopo (​Caltopo​ n.d.), and the depth was set at a 
value of 1 meter for the Hokendauqua, Coplay, Jordan, Little Lehigh, Monocacy, and Saucon 
creeks, while 0.5 meters was used for the East Branch of Saucon Creek. From there, the 
tributaries’ slope was calculated by finding the elevation of two points and the distance between 
them. The slope equation was then used: 
     (3)lopeS = distance
elevation 1−elevation2  
The absolute value of the slope was then taken and used to find the velocity with the equation 
(​Manning​, 1891): 
   (4)R SV = n
1 2/3 1/2  
where V is the velocity, R is the hydraulic radius, and S is the slope. An n value of 0.4 was used. 
The known discharge value for Saucon Creek was about 2 m​3​/sec, and this value for n gave a 
discharge value within the range. As such, it was used for the rest of the creek calculations that 
were not known. However, it should be noted that this is a very high n to use. The discharge 
values are approximations to give a visual estimate of flux, and as such the values themselves 
should not be given too much analysis. 
Discharge was calculated using the equation (​United States Geological Survey​ n.d. c): 
     (5)ischarge Area elocityD =  × V  
where the area was calculated by multiplying the tributaries’ width and depth. 
The discharge rates were converted to Liters per minute and used in the following 
equation to find the fluxes of lead, zinc, aluminum, manganese, and iron: 
    (6)luxF = 10−6
discharge × concentration(ppb)  
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Once the flux values were obtained for lead, zinc, aluminum, manganese, and iron at 
every tributary and sample sites 1, 5, and 6 along the Lehigh River, they were used to create 
diagrams depicting the fluxes in comparison to each other. The values for each sample site for all 
three sampling times were averaged together to give one flux for each element at each site. 
Sample sites 5 and 6 were averaged together to give an ending flux for the sample area of the 
Lehigh River. 
The toxicity levels for the Lehigh River samples and the tributary samples were also 
calculated. This was accomplished by first finding the hardness of each sample using the 
equation (​California Water Boards​ n.d.): 
   (7)ardness 2.5 a) 4.1 g)H = ( × C + ( × M  
This gives a hardness in mg/L. Once this hardness was found for each sample, it was converted 
into a format that could be compared to the lead concentrations using the formula: 
      (8)1.42603 ln(hardness) 0.145712]) e  ( − [ ×  ×  [1.273×ln(hardness)−4.705]   
to get the Criteria of Continuous Concentration for aquatic animals and the formula: 
     (9)1.42603 ln(hardness) 0.145712]) e  ( − [ ×  ×  [1.273×ln(hardness)−1.46]   
to get the Criteria of Acute Concentration for aquatic animals (​United States Environmental 
Protection Agency​, 1985 and ​Missouri Department of Natural Resources​, 207). Note that the 
only difference in the calculations is in the last number in the exponent, which defines if chronic 
or acute toxicity is being examined. For the particulate concentrations, the hardness value for the 
total concentration was used. The sample concentrations were then divided by the criterion 
concentrations to calculate a Chronic or Acute Toxicity percentage. These values range from 
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0-100%, with 0% indicating no toxicity and values over 100% indicating likely harmful 
conditions. 
 
Results 
The water samples were taken on three days, the flow conditions of which are shown 
below: 
 
 
 
Figure 4: Discharge of the Lehigh River on June 19, July 2, and July 19, 2019. The red 
box indicates the day on which the samples were taken, and the yellow triangles indicate the 
average discharges over the last 78 years (​United States Geological Survey​, n.d. d). 
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The flow conditions can also be compared over several months, as shown below: 
 
Figure 5: Discharge rates from May 2018- March 2019. The timeframe in which the samples 
were taken is shown by the red box, and the yellow triangles indicate the average discharges 
over the last 78 years (​United States Geological Survey​, n.d. d). 
When the samples were taken, the Lehigh River had an average daily discharge of 1640 ft​3​/sec 
on June 19, 1560 ft​3​/sec on July 2, and 1490 ft​3​/sec on July 19. The discharge on June 19 falls on 
the average, whereas the discharges on July 2 and July 19 are slightly above the average. 
However, compared to the other months shown in figure 5, the discharges for these days are 
much closer to the average and are much lower than the months following the sampling dates. 
Data from each round of sampling was obtained using the ICP-MS and organized into 
data tables. The data was divided into samples taken from the Lehigh River and samples taken 
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from its tributaries. The lead data obtained from the ICP-MS for the Lehigh River sites, along 
with location data for each sample, is shown below. 
 
Sample # State Date Location Distance Lead Zinc 
2 Dissolved 6/19/18 Lehigh Site 01 22.3 0.359 21.4 
2 Particulate 6/19/18 Lehigh Site 01 22.3 0.187 8.90 
2 Total 6/19/18 Lehigh Site 01 22.3 0.546 30.3 
4 Dissolved 6/19/18 Lehigh Site 02 25.6 0.227 19.3 
4 Particulate 6/19/18 Lehigh Site 02 25.6 0.239 4.30 
4 Total 6/19/18 Lehigh Site 02 25.6 0.466 23.6 
7 Dissolved 6/19/18 Lehigh Site 03 35.6 0.108 11.4 
7 Particulate 6/19/18 Lehigh Site 03 35.6 0.143 8.10 
7 Total 6/19/18 Lehigh Site 03 35.6 0.251 19.5 
7 (duplicate) Dissolved 6/19/18 Lehigh Site 03 35.6 0.151 11.4 
7 (duplicate) Particulate 6/19/18 Lehigh Site 03 35.6 0.112 7.50 
7 (duplicate) Total 6/19/18 Lehigh Site 03 35.6 0.263 18.9 
10 Dissolved 6/19/18 Lehigh Site 04 39.1 0.104 18.7 
10 Particulate 6/19/18 Lehigh Site 04 39.1 0.091 2.00 
10 Total 6/19/18 Lehigh Site 04 39.1 0.195 20.7 
14 Dissolved 6/19/18 Lehigh Site 05 44.9 0.132 13.5 
14 Particulate 6/19/18 Lehigh Site 05 44.9 0.111 4.7 
14 Total 6/19/18 Lehigh Site 05 44.9 0.243 18.2 
14 (duplicate) Dissolved 6/19/18 Lehigh Site 05 44.9 0.072 13.8 
14 (duplicate) Particulate 6/19/18 Lehigh Site 05 44.9 0.171 4.60 
14 (duplicate) Total 6/19/18 Lehigh Site 05 44.9 0.243 18.4 
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16 Dissolved 7/2/18 Lehigh Site 02 25.6 0.137 20.6 
16 Particulate 7/2/18 Lehigh Site 02 25.6 0.157 5.80 
16 Total 7/2/18 Lehigh Site 02 25.6 0.294 26.4 
18 Dissolved 7/2/18 Lehigh Site 02 25.6 0.152 13.8 
18 Particulate 7/2/18 Lehigh Site 02 25.6 1.23 13.2 
18 Total 7/2/18 Lehigh Site 02 25.6 1.38 27.0 
21 Dissolved 7/2/18 Lehigh Site 03 35.6 0.138 13.5 
21 Particulate 7/2/18 Lehigh Site 03 35.6 0.188 2.20 
21 Total 7/2/18 Lehigh Site 03 35.6 0.326 15.7 
23 Dissolved 7/2/18 Lehigh Site 03 35.6 0.175 17.9 
23 Particulate 7/2/18 Lehigh Site 03 35.6 0.147 1.00 
23 Total 7/2/18 Lehigh Site 03 35.6 0.322 18.9 
25 Dissolved 7/2/18 Lehigh Site 04 39.1 0.206 19.1 
25 Particulate 7/2/18 Lehigh Site 04 39.1 0.071 3.00 
25 Total 7/2/18 Lehigh Site 04 39.1 0.277 22.1 
28 Dissolved 7/2/18 Lehigh Site 05 44.9 0.116 9.34 
28 Particulate 7/2/18 Lehigh Site 05 44.9 0.317 8.86 
28 Total 7/2/18 Lehigh Site 05 44.9 0.433 18.2 
29 Dissolved 7/2/18 Lehigh Site 06 54.7 0.139 11.4 
29 Particulate 7/2/18 Lehigh Site 06 54.7 0.285 2.20 
29 Total 7/2/18 Lehigh Site 06 54.7 0.424 13.6 
32 Dissolved 7/19/18 Lehigh Site 02 25.6 0.322 23.4 
32 Particulate 7/19/18 Lehigh Site 02 25.6 0.24 - 
32 Total 7/19/18 Lehigh Site 02 25.6 0.562 21.4 
35 Dissolved 7/19/18 Lehigh Site 01 22.3 0.176 19.2 
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35 Particulate 7/19/18 Lehigh Site 01 22.3 0.312 3.20 
35 Total 7/19/18 Lehigh Site 01 22.3 0.488 22.4 
36 Dissolved 7/19/18 Lehigh Site 01 22.3 0.221 23.5 
36 Particulate 7/19/18 Lehigh Site 01 22.3 0.246 - 
36 Total 7/19/18 Lehigh Site 01 22.3 0.467 23.3 
38 Dissolved 7/19/18 Lehigh Site 03 35.6 0.157 16.9 
38 Particulate 7/19/18 Lehigh Site 03 35.6 0.320 11.9 
38 Total 7/19/18 Lehigh Site 03 35.6 0.477 28.8 
40 Dissolved 7/19/18 Lehigh Site 04 39.1 0.174 15.1 
40 Particulate 7/19/18 Lehigh Site 04 39.1 0.433 4.4 
40 Total 7/19/18 Lehigh Site 04 39.1 0.607 19.5 
43 Dissolved 7/19/18 Lehigh Site 05 44.9 0.178 17.9 
43 Particulate 7/19/18 Lehigh Site 05 44.9 0.683 40.3 
43 Total 7/19/18 Lehigh Site 05 44.9 0.861 58.2 
Figure 6: Data table showing the date, location, distance along the Lehigh River, and lead and 
zinc concentrations for the samples from the Lehigh River. The distance is a measurement of how 
far the site location is from Palmerton measured along the Lehigh River in kilometers, and the 
element concentrations are given in ppb. 
 
The data obtained from the ICP-MS for the tributary samples, along with location data for each 
sample, is also shown in the table below. 
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Sample # State Date Location Distance Lead Zinc 
1 Dissolved 6/19/18 Hokendauqua Site 22.6 0.088 2.33 
1 Total 6/19/18 Hokendauqua Site 22.6 0.393 10.5 
1 Particulate 6/19/18 Hokendauqua Site 22.6 0.305 8.17 
3 Dissolved 6/19/18 Coplay Creek Site 25.2 0.0920 4.06 
3 Total 6/19/18 Coplay Creek Site 25.2 0.418 5.48 
3 Particulate 6/19/18 Coplay Creek Site 25.2 0.326 1.42 
5 Dissolved 6/19/18 Jordan Creek Site 32.8 0.283 10.6 
5 Total 6/19/18 Jordan Creek Site 32.8 0.833 9.03 
5 Particulate 6/19/18 Jordan Creek Site 32.8 0.550 - 
6 Dissolved 6/19/18 Little Lehigh Site 32.8 0.0800 7.10 
6 Total 6/19/18 Little Lehigh Site 32.8 0.335 8.17 
6 Particulate 6/19/18 Little Lehigh Site 32.8 0.255 1.07 
8 Dissolved 6/19/18 Monocacy Creek Site 40.4 0.0360 3.08 
8 Total 6/19/18 Monocacy Creek Site 40.4 0.151 5.26 
8 Particulate 6/19/18 Monocacy Creek Site 40.4 0.115 2.18 
9 Dissolved 6/19/18 Monocacy Creek Site 40.4 0.0640 7.00 
9 Total 6/19/18 Monocacy Creek Site 40.4 0.124 6.20 
9 Particulate 6/19/18 Monocacy Creek Site 40.4 0.0600 - 
12 Dissolved 6/19/18 Saucon Creek Site 43.5 0.0680 12.0 
12 Total 6/19/18 Saucon Creek Site 43.5 0.215 11.5 
12 Particulate 6/19/18 Saucon Creek Site 43.5 0.147 - 
13 Dissolved 6/19/18 East Branch Saucon Site 43.5 0.108 11.6 
13 Total 6/19/18 East Branch Saucon Site 43.5 0.0880 2.93 
13 Particulate 6/19/18 East Branch Saucon Site 43.5 - - 
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15 Dissolved 7/2/18 Hokendauqua Site 22.6 0.130 10.7 
15 Total 7/2/18 Hokendauqua Site 22.6 0.212 6.06 
15 Particulate 7/2/18 Hokendauqua Site 22.6 0.0820 - 
17 Dissolved 7/2/18 Coplay Creek Site 25.2 0.0920 4.15 
17 Total 7/2/18 Coplay Creek Site 25.2 0.384 4.53 
17 Particulate 7/2/18 Coplay Creek Site 25.2 0.292 0.38 
19 Dissolved 7/2/18 Jordan Creek Site 32.8 0.0950 3.83 
19 Total 7/2/18 Jordan Creek Site 32.8 0.729 3.70 
19 Particulate 7/2/18 Jordan Creek Site 32.8 0.634 - 
20 Dissolved 7/2/18 Little Lehigh Site 32.8 0.0980 7.20 
20 Total 7/2/18 Little Lehigh Site 32.8 0.176 0.633 
20 Particulate 7/2/18 Little Lehigh Site 32.8 0.0780 - 
24 Dissolved 7/2/18 Monocacy Creek Site 40.4 0.0320 2.53 
24 Total 7/2/18 Monocacy Creek Site 40.4 0.236 2.70 
24 Particulate 7/2/18 Monocacy Creek Site 40.4 0.204 0.170 
26 Dissolved 7/2/18 East Branch Saucon Site 43.5 0.0170 6.12 
26 Total 7/2/18 East Branch Saucon Site 43.5 0.121 6.45 
26 Particulate 7/2/18 East Branch Saucon Site 43.5 0.104 0.330 
27 Dissolved 7/2/18 Saucon Creek Site 43.5 0.0410 6.67 
27 Total 7/2/18 Saucon Creek Site 43.5 0.215 6.90 
27 Particulate 7/2/18 Saucon Creek Site 43.5 0.174 0.230 
30 Dissolved 7/2/18 Jordan Creek Site 32.8 0.139 9.48 
30 Total 7/19/18 Jordan Creek Site 32.8 0.417 9.65 
30 Particulate 7/19/18 Jordan Creek Site 32.8 0.278 0.170 
31 Dissolved 7/19/18 Little Lehigh Site 32.8 0.152 5.00 
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31 Total 7/19/18 Little Lehigh Site 32.8 0.195 5.03 
31 Particulate 7/19/18 Little Lehigh Site 32.8 0.0430 0.03 
33 Dissolved 7/19/18 Coplay Creek Site 25.2 0.0816 8.55 
33 Total 7/19/18 Coplay Creek Site 25.2 0.207 5.00 
33 Particulate 7/19/18 Coplay Creek Site 25.2 0.125 - 
34 Dissolved 7/19/18 Hokendauqua Site 22.6 0.101 8.30 
34 Total 7/19/18 Hokendauqua Site 22.6 0.258 11.4 
34 Particulate 7/19/18 Hokendauqua Site 22.6 0.157 3.10 
39 Dissolved 7/19/18 Monocacy Creek Site 40.4 0.151 9.40 
39 Total 7/19/18 Monocacy Creek Site 40.4 0.310 11.20 
39 Particulate 7/19/18 Monocacy Creek Site 40.4 0.159 1.80 
41 Dissolved 7/19/18 Saucon Creek Site 43.5 0.0861 11.6 
41 Total 7/19/18 Saucon Creek Site 43.5 0.216 9.61 
41 Particulate 7/19/18 Saucon Creek Site 43.5 0.130 - 
42 Dissolved 7/19/18 East Branch Saucon Site 43.5 0.0443 10.1 
42 Total 7/19/18 East Branch Saucon Site 43.5 0.306 5.98 
42 Particulate 7/19/18 East Branch Saucon Site 43.5 0.262 - 
Figure 7: Data table showing the date, location, distance along the Lehigh River, and lead and 
zinc concentrations for the samples from the Lehigh River’s tributaries. The distance is a 
measurement of how far from Palmerton the location where the tributary meets the Lehigh River 
is, measured along the Lehigh River in kilometers, and the element concentrations are given in 
ppb. 
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This data from the ICP-MS was analyzed in excel and used to determine that a majority 
of the samples had more lead travelling in the particulate form than the dissolved form. 
However, both forms are still important to analyze. 
The values of the lead concentrations from the Lehigh River and its tributaries were first 
looked at in relation to the EPA’s action level of 15 ppb (​United States Environmental Protection 
Agency​, n.d. b), as shown below: 
 
Figure 8: Lead concentrations from the Lehigh River and its tributaries. None of the 
concentrations reach the EPA’s action level of 15 ppb ​(United States Environmental Protection 
Agency, n.d. b)​. 
The lead concentrations for the Lehigh River mainstem samples were also plotted against 
their distance to the respective sample site along the Lehigh River, which is referred to as the 
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“channel distance.” Palmerton was set as the 0 point for the channel distance. This is shown in 
the figure below: 
 
Figure 9: Lead concentrations for the samples taken from the Lehigh River plotted against the 
sample site’s channel distance. 
For this graph, sample 018, which was taken at Lehigh Site 02, was not included in the 
graph and data calculations, as it had a much higher elemental concentration than the other sites 
and it is preferable to look at the overall pattern of all the sites rather than just one. However, it 
was included in the toxicity calculations. 
While the particulate lead concentrations do not show much correlation with the distance 
from Palmerton, the dissolved lead concentrations decrease as the distance from Palmerton 
increases. The particulate lead concentrations, when plotted against the distance from Palmerton, 
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have a shallow positive slope, a very​ ​weak R​2​ value, and a p-value of 0.5088. The dissolved lead 
concentrations have a steeper negative slope, a moderate R​2​ value, and a p-value of 0.005098. 
The particulate concentration data had a p-value greater than 0.05, and therefore fails to reject 
the null hypothesis. The particulate lead and channel distance dataset is not statistically 
significant. However, the dissolved concentration data had a p-value less than 0.05, and therefore 
the null hypothesis is rejected. The dissolved lead and channel distance dataset is statistically 
significant. 
The combined data for all three sites can also be broken down by each round of sampling. 
This is important to look at because the lead concentrations can vary under different sampling 
conditions. The broken down distributions of lead concentrations are shown below: 
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Figure 10: The particulate and dissolved lead concentrations for each round of sampling 
graphed against the sample site’s channel distance. 
For each individual round of sampling, the same trends that were seen in the overall graph are 
present, except for the particulate lead values for the first round of sampling. Rather than 
increasing with distance from Palmerton, these values are decreasing. However, the dissolved 
concentrations of lead still decrease for the first round of sampling. For the other two rounds of 
sampling, the particulate concentrations increase with distance, and the dissolved concentrations 
decrease with distance. It should also be noted that the particulate concentrations of lead were 
higher on the July 19th sampling date than the other two dates. 
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The correlation of lead concentrations with zinc concentrations for the samples taken 
along the Lehigh River was also determined from the dataset and graphed below. Sample 018 
was also not included in this graph. 
 
Figure 11: Correlation of dissolved and particulate zinc and lead concentrations. The 
particulate concentration of sample 043, which was taken at Lehigh Site 05 on July 19, is labeled 
because it has values greater than the rest of the data. 
Unfortunately this data does not have a lot of replication due to limits on sampling, but 
trends can still be found in the available data. A positive correlation between zinc and lead 
concentrations is present for both the dissolved and particulate concentrations. The dissolved 
concentrations have a steep positive slope, a strong R​2​ value, and a p-value of 0.00113763. The 
particulate concentrations also have a positive slope, a strong R​2​ value, and a p-value of 
0.00044859. The dissolved lead and zinc concentrations have a p-value which is less than the 
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significance level of 0.05 and therefore the null hypothesis is rejected and the data is statistically 
significant. The particulate lead and zinc concentrations have a p-value which is less than the 
significance level of 0.05 and therefore the null hypothesis is rejected and this data is also 
statistically significant. 
The concentrations of lead and zinc can also be looked at in respect to channel distance, 
which is shown below: 
           
Figure 12: Lead concentrations (left) and zinc concentrations (right) with respect to channel 
distance for the Lehigh River samples. 
The lead and zinc concentrations show similar patterns. For both, the particulate concentrations 
increase slightly and the dissolved concentrations decrease with a higher correlation as the 
channel distance increases. This indicates that they are travelling together. 
The correlations between lead and aluminum, manganese, and iron were also plotted 
because they had the highest R​2​ values for the overall dataset. The lead and aluminum 
concentrations for the Lehigh River are shown in the table below. 
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Sample Number State Lead Zinc Aluminum Manganese Iron 
2 Dissolved 0.359 21.4 60.6 22.1 68.9 
2 Particulate 0.187 8.90 20.2 6.50 50.1 
2 Total 0.546 30.3 80.8 28.6 119 
4 Dissolved 0.227 19.3 51.9 17.8 61.4 
4 Particulate 0.239 4.30 23.8 6.90 50.6 
4 Total 0.466 23.6 75.7 24.7 112 
7 Dissolved 0.108 11.4 65.0 14.3 70.9 
7 Particulate 0.143 8.10 18.7 6.20 40.1 
7 Total 0.251 19.5 83.7 20.5 111 
7 (duplicate) Dissolved 0.151 11.4 63.6 14.2 71.1 
7 (duplicate) Particulate 0.112 7.50 11.8 5.30 44.9 
7 (duplicate) Total 0.263 18.9 75.4 19.5 116 
10 Dissolved 0.104 18.7 80.3 17.2 85.1 
10 Particulate 0.0910 2.00 17.1 7.90 41.9 
10 Total 0.195 20.7 97.4 25.1 127 
14 Dissolved 0.132 13.5 72.7 12.6 69.8 
14 Particulate 0.111 4.70 15.1 7.60 57.2 
14 Total 0.243 18.2 87.8 20.2 127 
14 (duplicate) Dissolved 0.072 13.8 75.1 12.9 73.9 
14 (duplicate) Particulate 0.171 4.60 13.8 7.40 54.1 
14 (duplicate) Total 0.243 18.4 88.9 20.3 128 
16 Dissolved 0.137 20.6 72.4 20.1 75.5 
16 Particulate 0.157 5.80 28.6 17.5 47.5 
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16 Total 0.294 26.4 101 37.6 123 
18 Dissolved 0.152 13.8 62.0 23.4 56.5 
18 Particulate 1.23 13.2 134 43.7 191 
18 Total 1.38 27.0 196 67.1 247 
21 Dissolved 0.138 13.5 47.6 19.3 55.1 
21 Particulate 0.188 2.20 19.7 6.50 30.6 
21 Total 0.326 15.7 67.3 25.8 85.7 
23 Dissolved 0.175 17.9 46.2 19.4 52.7 
23 Particulate 0.147 1.00 20.2 6.90 34.9 
23 Total 0.322 18.9 66.4 26.3 87.6 
25 Dissolved 0.206 19.1 53.6 18.3 48.1 
25 Particulate 0.071 3.00 16.8 6.90 32.5 
25 Total 0.277 22.1 70.4 25.2 80.6 
28 Dissolved 0.116 9.34 48.6 13.3 37.7 
28 Particulate 0.317 8.86 29.5 12.1 46.9 
28 Total 0.433 18.2 78.1 25.4 84.6 
29 Dissolved 0.139 11.4 38.1 23.5 41.8 
29 Particulate 0.285 2.20 26.1 9.20 50.4 
29 Total 0.424 13.6 64.2 32.7 92.2 
32 Dissolved 0.322 23.4 67.2 21.2 72.0 
32 Particulate 0.240 - 53.8 24.9 154 
32 Total 0.562 21.4 121 46.1 226 
35 Dissolved 0.176 19.2 85.2 20.8 83.0 
35 Particulate 0.312 3.20 69.8 23.1 137 
35 Total 0.488 22.4 155 43.9 220 
Stankus 26 
36 Dissolved 0.221 23.5 87.1 22.8 92.0 
36 Particulate 0.246 - 68.9 21.8 107 
36 Total 0.467 23.3 156 44.6 199 
38 Dissolved 0.157 16.9 55.5 14.0 69.0 
38 Particulate 0.320 11.9 54.5 11.2 120 
38 Total 0.477 28.8 110 25.2 189 
40 Dissolved 0.174 15.1 56.7 21.0 73.0 
40 Particulate 0.433 4.40 56.3 17.2 174 
40 Total 0.607 19.5 113 38.2 247 
43 Dissolved 0.178 17.9 50.4 22.3 71.0 
43 Particulate 0.683 40.3 114 18.9 223 
43 Total 0.861 58.2 164 41.2 294 
Figure 13: Table showing the concentrations of lead, zinc, aluminum, manganese, and iron for 
the Lehigh River samples. The element concentrations are given in ppb. 
The dissolved and particulate concentrations of the elements were then graphed in relation to the 
lead concentrations, as is shown below: 
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Figure 14: Correlation of dissolved and particulate aluminum and lead concentrations. The 
particulate concentration of sample 043, which was taken at Lehigh Site 05 on July 19, is labeled 
because it has values greater than the rest of the data. 
The dissolved aluminum and lead concentrations have a shallow negative slope, a weak 
R​2​ value, and a p-value of 0.897. The particulate concentrations have a steep positive slope, a 
strong R​2​ value, and a p-value of 1.423 x10​-6​. The dissolved aluminum and lead concentrations 
have a p-value which is greater than the significance level of 0.5, and therefore fails to reject the 
null hypothesis. The data is not statistically significant. However, the particulate concentrations 
have a p-value which is less than the significance level of 0.5, and therefore the null hypothesis 
is rejected and the data is statistically significant. 
The correlations between dissolved and particulate manganese and lead were also plotted 
in the figure below. 
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Figure 15: Correlation of dissolved and particulate manganese and lead concentrations. The 
particulate concentration of sample 043, which was taken at Lehigh Site 05 on July 19, is labeled 
because it has values greater than the rest of the data. 
For manganese and lead, the dissolved and particulate concentrations had more similar 
trends. The dissolved concentrations have a positive best fit slope, a moderate R​2​ value, and a 
p-value of 0.0130. The particulate concentrations have a positive best fit slope, a weak R​2​ value, 
and a p-value of 0.0178. Both p-values for dissolved and particulate forms are less than the 
significance level of 0.05, and therefore the null hypothesis is rejected and the data is statistically 
significant. 
The correlations between dissolved and particulate iron were also examined. These are 
shown in the graph below. 
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Figure 16: Correlation of dissolved and particulate iron and lead concentrations. The 
particulate concentration of sample 043, which was taken at Lehigh Site 05 on July 19, is labeled 
because it has values greater than the rest of the data. 
While the dissolved concentrations do not have a steep best fit line slope nor strong R​2 
value, the particulate concentrations do. The dissolved iron and lead concentrations were 
calculated to have a p-value of 0.7198, which is greater than the significance level of 0.05, and 
therefore fails to reject the null hypothesis. The data is not statistically significant. However, the 
particulate iron and lead concentrations have a p-value of 6.208 x10​-6​, which is less than the 
significance level of 0.05, and therefore the null hypothesis is rejected and the data is statistically 
significant. 
The levels of lead, zinc, aluminum, manganese, and iron were also compared to the 
values from the tributaries leading into the Lehigh River. This was accomplished using flux 
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diagrams (​Blake​, 2010), which show the element concentrations in relation to the discharge of 
where they are sampled from. The top of each diagram represents the site furthest upstream (Site 
1), while the bottom represents the sites furthest downstream (Sites 5 and 6) along the Lehigh 
River. The flux diagrams were created using the average flux values for the sites and are pictured 
below: 
Stankus 31 
 
Figure 17: Diagram showing the approximate discharge of the Lehigh River and its tributaries. 
Site 1, which is represented by the top of the diagram, was used with sites 5 and 6, which is 
represented by the bottom, to approximate the discharge of the Lehigh River. 
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Figure 18: The flux values for dissolved lead, zinc, aluminum, manganese, and iron are shown. 
Discharge is also included for comparison.  
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Figure 19: The flux values for particulate lead, zinc, aluminum, manganese, and iron are shown. 
Discharge is also included for comparison. 
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The toxicity levels of the lead were also calculated for the samples. The data used to 
calculate the toxicity levels for the sites along the Lehigh River is summarized in the table 
below. 
Sample # State Lead Calcium Magnesium Hardness % measured 
vs criteria 
chronic 
% measured 
vs criteria 
acute 
2 Dissolved 0.359 10000 4050 41.6 37.50% 1.46% 
2 Particulate 0.187 - 30.0 41.2 19.70% 0.77% 
2 Total 0.546 9780 4080 41.2 57.70% 2.25% 
4 Dissolved 0.227 15700 6400 65.5 14.30% 0.56% 
4 Particulate 0.239 400 180 67.2 14.70% 0.57% 
4 Total 0.466 16100 6580 67.2 28.60% 1.12% 
7 Dissolved 0.108 21100 10500 95.8 4.50% 0.18% 
7 Particulate 0.143 400 200 97.6 5.83% 0.23% 
7 Total 0.251 21500 10700 97.6 10.20% 0.40% 
7 (duplicate) Dissolved 0.151 20700 10500 94.8 6.36% 0.25% 
7 (duplicate) Particulate 0.112 - - 93.0 4.82% 0.19% 
7 (duplicate) Total 0.263 20300 10300 93.0 11.30% 0.44% 
10 Dissolved 0.104 18300 9220 83.6 5.03% 0.20% 
10 Particulate 0.091 200 120 84.5 4.35% 0.17% 
10 Total 0.195 18500 9340 84.5 9.31% 0.36% 
14 Dissolved 0.132 21200 11400 99.7 5.26% 0.21% 
14 Particulate 0.111 800 300 103 4.27% 0.17% 
14 Total 0.243 22000 11700 103 9.35% 0.36% 
14 (duplicate) Dissolved 0.072 21400 11700 101 2.83% 0.11% 
14 (duplicate) Particulate 0.171 700 - 103 6.58% 0.26% 
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14 (duplicate) Total 0.243 22100 11600 103 9.35% 0.36% 
16 Dissolved 0.137 10100 4180 42.4 14.00% 0.55% 
16 Particulate 0.157 - - 41.9 16.30% 0.63% 
16 Total 0.294 10000 4110 41.9 30.50% 1.19% 
18 Dissolved 0.152 15900 6170 65.0 9.68% 0.38% 
18 Particulate 1.23 100 - 65.1 78.10% 3.04% 
18 Total 1.38 16000 6120 65.1 87.80% 3.42% 
21 Dissolved 0.138 20300 9840 91.1 6.07% 0.24% 
21 Particulate 0.188 100 0 91.3 8.25% 0.32% 
21 Total 0.326 20400 9840 91.3 14.30% 0.56% 
23 Dissolved 0.175 20100 9900 90.8 7.73% 0.30% 
23 Particulate 0.147 - 10 90.4 6.52% 0.25% 
23 Total 0.322 19900 9910 90.4 14.30% 0.56% 
25 Dissolved 0.206 18500 9120 83.6 9.95% 0.39% 
25 Particulate 0.071 600 310 86.4 3.31% 0.13% 
25 Total 0.277 19100 9430 86.4 12.90% 0.50% 
28 Dissolved 0.116 21300 11000 98.4 4.69% 0.18% 
28 Particulate 0.317 - 0 98.1 12.90% 0.50% 
28 Total 0.433 21200 11000 98.1 17.60% 0.69% 
29 Dissolved 0.139 21800 11400 101 5.46% 0.21% 
29 Particulate 0.285 - - 100 11.30% 0.44% 
29 Total 0.424 21700 11200 100 16.80% 0.66% 
32 Dissolved 0.322 17800 5820 68.4 19.40% 0.76% 
32 Particulate 0.24 60.0 40.0 68.7 14.40% 0.56% 
32 Total 0.562 17900 5860 68.7 33.70% 1.31% 
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35 Dissolved 0.176 10700 3440 40.8 18.80% 0.73% 
35 Particulate 0.312 190 70.0 41.5 32.70% 1.27% 
35 Total 0.488 10900 3510 41.5 51.10% 1.99% 
36 Dissolved 0.221 11000 3520 41.8 23.00% 0.90% 
36 Particulate 0.246 - - 40.6 26.40% 1.03% 
36 Total 0.467 10600 3420 40.6 50.10% 1.95% 
38 Dissolved 0.157 22100 8430 89.9 7.01% 0.27% 
38 Particulate 0.320 - - 88.2 14.60% 0.57% 
38 Total 0.477 21700 8300 88.2 21.70% 0.85% 
40 Dissolved 0.174 18300 6600 72.7 9.80% 0.38% 
40 Particulate 0.433 310 140 74.1 23.90% 0.93% 
40 Total 0.607 18600 6740 74.1 33.50% 1.30% 
43 Dissolved 0.178 22800 8650 92.4 7.71% 0.30% 
43 Particulate 0.683 1690 1110 101 26.80% 1.05% 
43 Total 0.861 24500 9760 101 33.80% 1.32% 
Figure 20: Table showing the lead, calcium, and magnesium concentrations with the calculated 
hardness and percentage of toxicity for both chronic and acute toxicity criterias of samples taken 
from the Lehigh River​. ​The element concentrations are given in ppb, and the hardness is in mg/L. 
The data was also summarized in a graph for the chronic toxicity criteria. The values of acute 
toxicity are much less than the chronic values and are not​ ​dangerous, so they were not graphed. 
The graph for the chronic toxicity data is shown below. 
Stankus 37 
 
Figure 21: Dissolved, particulate, and total lead toxicity values plotted against the channel 
distance for each sample taken from the Lehigh River. The labeled samples are the ones with the 
highest chronic toxicity for their total lead concentrations. Sample 002 is located by 
Northampton and Coplay, and Sample 018 is located by Whitehall. 
For this dataset, the total values were plotted along with the dissolved and particulate 
concentrations because the total amount of lead will be what affects organisms if it crosses the 
toxicity threshold, which is set at 100% chronic toxicity. However, none of the lead 
concentrations cross this threshold. The closest any of them come to the total lead concentration 
is sample 018 and 002, which have a chronic toxicity percentage of 88% and 57% respectively. 
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The chronic toxicity percentages appear to be decreasing as one travels further from the 
Lehigh River. However, the calcium concentration also increases as a result of the bedrock 
formations, as is shown in the figure below: 
 
Figure 22: The dissolved and total calcium concentrations increase further downstream, which 
causes an increase in hardness. This calcium likely comes from the Limestone Valley Formation 
bedrock (​Enviro Sci Inquiry ​2011​)​. The particulate calcium concentrations were not graphed, as 
they had non-measurable values because calcium does not travel much in the particulate form. 
The toxicity levels for the sampled tributaries were also calculated and are summarized in 
the table below: 
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Sample # State Lead Calcium Magnesium Hardness % measured 
vs criteria 
chronic 
% measured vs 
criteria acute 
1 Dissolved 0.088 26300 7110 94.9 3.70% 0.14% 
1 Total 0.393 26000 6960 93.5 16.80% 0.66% 
1 particulate 0.305 - - 93.5 13.00% 0.51% 
3 Dissolved 0.0920 66700 21200 254 1.35% 0.05% 
3 total 0.418 68100 21800 260 5.97% 0.23% 
3 particulate 0.326 1400 600 260 4.66% 0.18% 
5 Dissolved 0.283 43700 18700 186 5.76% 0.23% 
5 total 0.833 44600 18900 189 16.70% 0.65% 
5 particulate 0.550 900 200 189 11.00% 0.43% 
6 Dissolved 0.0800 48200 27100 232 1.29% 0.05% 
6 total 0.335 48400 27400 233 5.37% 0.21% 
6 particulate 0.255 200 300 233 4.09% 0.16% 
8 Dissolved 0.0360 64900 32200 294 0.45% 0.02% 
8 total 0.151 66400 32800 300 1.86% 0.07% 
8 particulate 0.115 1500 600 300 1.41% 0.06% 
9 Dissolved 0.0640 66200 32800 300 0.79% 0.03% 
9 total 0.124 65800 32900 299 1.53% 0.06% 
9 particulate 0.0600 - 100 299 0.74% 0.03% 
12 Dissolved 0.0680 45500 26000 220 1.16% 0.05% 
12 total 0.215 45800 25900 221 3.65% 0.14% 
12 particulate 0.147 300 - 221 2.49% 0.10% 
13 Dissolved 0.108 50000 21100 212 1.91% 0.07% 
13 total 0.0880 48700 20600 206 1.61% 0.06% 
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13 particulate - - - 206 - - 
15 Dissolved 0.130 33100 7760 115 4.44% 0.17% 
15 total 0.212 33300 7940 116 7.17% 0.28% 
15 particulate 0.0820 200 180 116 2.77% 0.11% 
17 Dissolved 0.0920 66200 21000 252 1.36% 0.05% 
17 total 0.384 65700 21000 250 5.72% 0.22% 
17 particulate 0.292 - 0.00 250 4.35% 0.17% 
19 Dissolved 0.0950 34000 14600 145 2.53% 0.10% 
19 total 0.729 33700 14500 144 19.50% 0.76% 
19 particulate 0.634 - - 144 17.00% 0.66% 
20 Dissolved 0.0980 49300 29600 245 1.49% 0.06% 
20 total 0.176 49100 29600 244 2.69% 0.11% 
20 particulate 0.0780 - 0.00 244 1.19% 0.05% 
24 Dissolved 0.0320 64400 34700 303 0.39% 0.02% 
24 total 0.236 66800 35600 313 2.78% 0.11% 
24 particulate 0.204 2400 900 313 2.40% 0.09% 
26 Dissolved 0.0170 57000 24000 241 0.26% 0.01% 
26 total 0.121 56900 24200 241 1.87% 0.07% 
26 particulate 0.104 - 200 241 1.61% 0.06% 
27 Dissolved 0.0410 48500 28800 239 0.64% 0.02% 
27 total 0.215 49600 29600 245 3.27% 0.13% 
27 particulate 0.174 1100 800 245 2.65% 0.10% 
30 Dissolved 0.139 40200 13900 158 3.37% 0.13% 
30 total 0.417 39400 13600 154 10.40% 0.41% 
30 particulate 0.278 - - 154 6.93% 0.27% 
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31 Dissolved 0.152 50900 25300 231 2.46% 0.10% 
31 total 0.195 52200 26000 237 3.07% 0.12% 
31 particulate 0.0430 1300 630 237 0.68% 0.03% 
33 Dissolved 0.0816 67800 20000 251 1.21% 0.05% 
33 total 0.207 68400 20200 254 3.03% 0.12% 
33 particulate 0.125 650 170 254 1.84% 0.07% 
34 Dissolved 0.101 32900 6360 108 3.69% 0.14% 
34 total 0.258 33000 6380 109 9.33% 0.36% 
34 particulate 0.157 90 20 109 5.68% 0.22% 
39 Dissolved 0.151 66100 28100 280 2.00% 0.08% 
39 total 0.310 67200 28600 285 4.02% 0.16% 
39 particulate 0.159 1160 530 285 2.06% 0.08% 
41 Dissolved 0.0861 48800 22200 213 1.52% 0.06% 
41 total 0.216 50800 23100 222 3.65% 0.14% 
41 particulate 0.130 2000 860 222 2.19% 0.09% 
42 Dissolved 0.0443 61000 18700 229 0.72% 0.03% 
42 total 0.306 62900 19300 236 4.84% 0.19% 
42 particulate 0.262 1840 610 236 4.14% 0.16% 
Figure 23: Table showing the lead, calcium, and magnesium concentrations with the calculated 
hardness and percentage of toxicity for both chronic and acute toxicity criterias of samples taken 
from the tributaries​. ​The element concentrations are given in ppb, and the hardness is in mg/L. 
Like with the Lehigh River samples, this dataset was then plotted. The percentage of chronic 
toxicity was plotted against the channel distance from Palmerton to where the tributary 
connected with the Lehigh River. This is shown in the figure below: 
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Figure 24: Dissolved, particulate, and total lead toxicity values plotted against the channel 
distance from the sample site to Palmerton for samples taken from the Lehigh River’s tributaries. 
The chronic toxicity percentages for the tributaries are much lower than those for the Lehigh 
River. None of these values cross the toxicity threshold of 100% toxicity. 
The greatest toxicity values from each site were mapped, and are shown below: 
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Figure 25: Map showing the greatest toxicity values reached for each sample site. The tributary 
values are lower than most of the values from the Lehigh River (​United States Census Bureau​, 
n.d., ​PASDA​, n.d.). 
Discussion 
The majority of data shows that lead in the Lehigh River is travelling mainly in the 
particulate form. While some samples from the Lehigh River showed a greater concentration of 
dissolved than particulate lead, this did not correlate with any one sampling date or location. The 
lead content of the tributaries flowing into the Lehigh River showed the same pattern, with a 
majority of the samples having a greater particulate than dissolved lead concentration. This 
Stankus 44 
particulate concentration of lead in the Lehigh River does not show a decrease with distance 
from Palmerton, but instead when all three sampling dates are combined, shows a slight increase. 
However, this increase for all three sample dates is not statistically significant. While the 
samples taken on June 19th show a slight decrease with distance in particulate lead 
concentration, the samples taken on July 2nd and July 19th show an increase with distance. The 
dissolved concentrations for lead for all three sample dates, however, show a statistically 
significant decrease with distance from Palmerton. When broken down by sample date, all three 
show a decrease in lead concentration with distance. They also show that as one moves closer to 
Palmerton, the dissolved lead concentrations are increasing overall. 
The decrease in dissolved lead concentrations with distance is indicative of an upstream 
source. As shown in the flux diagrams, the discharge of the Lehigh River increases as the water 
flows downstream of Palmerton, and the flux of the dissolved lead decreases. This indicates that 
the dissolved lead is being diluted by the increase in discharge. The increase in particulate lead 
concentrations and increase in the flux of particulate lead as the water travels downstream may 
also contribute to the decrease in dissolved lead. The dissolved lead can be converted into 
particulate lead as it travels downstream, leading to a decrease in dissolved lead and an increase 
in particulate lead. This again implies that more dissolved lead is not being added significantly to 
the water, as it continues to decrease downstream without being sufficiently replenished, and is 
indicative of an upstream source of lead. The flux diagrams created also show that the main 
source of lead is not any of the tributaries sampled. For both the particulate and dissolved lead 
concentrations, the tributaries contributed very little lead compared to the flux of the Lehigh 
River, showing that the main source is likely at a point upstream of the river. This source could 
Stankus 45 
potentially be the Palmerton zinc companies, but this cannot be said with certainty. There are a 
number of other potential contributors of lead to the Lehigh River located upstream of the 
sample sites, such as car dealerships and battery plants. The source of lead could be any or all of 
these sites, and more sampling is needed. The lead could also potentially be coming from the 
sediments in the area if they contain lead. This is another area of study that should be further 
explored. 
The lead was also determined to be correlating with the elements zinc, aluminum, 
manganese, and iron. Zinc is expected to be seen travelling with lead if its source is the zinc 
companies in Palmerton. The zinc concentrations, when compared to the lead concentrations, 
have moderate R​2​ values and statistically significant p-values, indicating that there is a 
significant trend between them. However, the particulate concentrations have a stronger 
correlation than the dissolved concentrations. Aluminum also shows a significant correlation 
with the particulate lead concentrations. However, it does not have a significant correlation with 
the dissolved concentrations. Like zinc, manganese shows a correlation with lead in both its 
dissolved and particulate forms. However, when compared to the other studied elements, its 
correlation with lead is weaker. Iron shows a strong significant correlation with lead in its 
particulate form. However, there is not a significant correlation in the dissolved forms. 
As observed in the flux diagrams, the main source of the fluxes of the dissolved elements 
are upstream of the Lehigh River, as the tributaries and groundwater contribute little to no 
concentrations. They also show that the dissolved concentrations of zinc and iron decrease, but 
only very slightly. Aluminum and manganese actually increase slightly in their dissolved 
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concentrations between sample sites 1 and 5 and 6. However, this increase is very slight and may 
be due to the limits in the measurement of the concentrations. 
The particulate flux diagrams also show that a majority of the concentrations are present 
in the Lehigh River itself and that the tributaries and groundwater/conversion from dissolved to 
particulate form do not contribute a majority of the concentrations. However, zinc is the 
exception to this. For zinc, the groundwater/conversion from the dissolved load is actually 
greater than the concentrations present at site 1. To determine whether or not the source is 
groundwater or the conversion from dissolved to particulate form, further data would need to be 
collected. While a groundwater source could indicate that the majority of the zinc is not 
necessarily coming from a point upstream, the source of the additional zinc could also be the 
conversion of the dissolved load. The particulate lead concentration shows a similar pattern. 
While the majority of the particulate lead measured at sites 5 and 6 was already present at site 1, 
the groundwater/conversion from dissolved load does contribute a large amount.  Zinc and iron 
also show an increase in their particulate concentrations between sample site 1 and samples sites 
5 and 6, aluminum shows a very slight increase, and manganese shows a slight decrease. 
This similarity between lead and zinc indicates that they are travelling together. The 
elements studied are elements commonly originating from factory plants and other human 
manufacture waste, and zinc especially is indicative of pollution from the zinc companies. 
However, while this does support the possibility of the Palmerton zinc company being a source 
of the lead, there are multiple possible sources upstream of the Lehigh River that could also be a 
source for these elements. Further sampling of Palmerton and the areas upstream of it is needed. 
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The lead content of the Lehigh River and its tributaries was found to be below the 
toxicity levels for humans and for aquatic organisms. The EPA sets the amount of lead that is 
harmful to humans and requires action at 15 ppb (​United States Environmental Protection 
Agency​, n.d. b.), and all of the lead concentrations are well below this. The acute and chronic 
toxicity criteria for aquatic animals were also calculated, and none of the lead concentrations 
exceeded the criteria. The closest any of the samples from the Lehigh River got to exceeding the 
criteria was at sample site 2, which is located near Whitehall and had a chronic toxicity of 88%. 
The toxicity percentages from the Lehigh River show an overall decrease with the distance of the 
sample sites from Palmerton. However, calcium increases with distance from Palmerton, which 
would increase the hardness and the amount of lead that can be in the water without it being 
toxic. The highest toxicity from the tributary samples was at Jordan Creek, but this only reached 
about 20%. All of the water is safe for consumption by humans and aquatic animals. 
Studies similar to this one have been conducted all over the world. One such study was 
conducted on two rivers in Japan. Both rivers are located in areas with volcanic rocks along rice 
paddy fields in the Yatsugatake-Chūshin Kōgen Quasi-National Park. Most importantly, there is 
not an industrial area upstream of the rivers, so the lead in these rivers is not coming from an 
anthropogenic industrial source. The scientists found that a majority of the lead was travelling in 
the particulate form with iron, aluminum, and titanium (​Nakaya et. al.​, 2018). This matches what 
was found in this study, as aluminum, manganese, and iron all had high correlations with the 
lead concentrations overall. However, zinc was not measured in the study in Japan. Titanium was 
also found to have a high correlation in both studies, but unfortunately was not graphed because 
titanium concentrations were not obtained for all three sample dates in this study. This study also 
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shows that the lead concentrations of the Lehigh River were lower than those of the two rivers 
sampled, River A and River Y, in the study in Japan. This data was graphed against the data 
from the Lehigh River, and is shown below: 
        
 
 
Figure 26: Total, dissolved, and particulate concentrations for lead in the Lehigh River 
compared to the two rivers in Japan ​(Nakaya et. al​.​, ​2018​)​.  
The Lehigh River has a much lower concentration of lead in all three forms than Rivers A and Y. 
The concentrations of lead can also be averaged to show how the three compare: 
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River Dissolved Pb Particulate Pb Total Pb 
River A 26.505 107.521 134.026 
River Y 80.607 220.501 301.512 
Lehigh River 0.173 0.234 0.408 
Figure 27: The dissolved, particulate, and total concentrations of lead for the three rivers 
(Nakaya et. al​.​, ​2018​)​. 
As shown in the table, the Lehigh River has a much lower concentration of lead than the other 
two rivers in this study. It should be noted that this study used a 0.1 m filter as opposed to theμ  
0.2 m filter used on the Lehigh River samples, so some variation between dissolved andμ  
particulate forms is expected. 
The concentrations of lead in the Lehigh River can also be compared to those of Flint, 
Michigan, which is known for its recent lead contamination. A state of emergency was declared 
in 2016 when dangerous levels of lead were found in the residents’ tap water. At least 25% of the 
residences had concentrations of lead above 15 ppb, and some even had concentrations as high as 
13,200 ppb (​Lazarus​, 2016). This is much higher than the lead found in this study to be in the 
Lehigh River, which only reaches about 2 ppb at a maximum. The lead levels recorded by the 
government can be compared to those in the Lehigh River, which is shown below: 
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Figure 28: Side-by-side comparison of the levels of lead present in Flint, Michigan (left) 
(​Michigan.gov ​2019) and the Lehigh River (right). Those in the Lehigh River are well below the 
action level of 15 ppb, but Flint exceeded this in 2016 and continued to have higher lead levels 
than the Lehigh River in 2018. 
When compared to other water sources in the world, the Lehigh River has a very low amount of 
lead. 
Further research on the Lehigh River could be conducted to better determine the origin of 
the lead concentrations. Samples should be taken upstream of Palmerton to better determine if 
this area is the source. Unfortunately there was an abnormal amount of rainfall during the 
timeframe of this study, which caused very high flow conditions that would not have yielded 
useful data. More water samples can be collected once the flow rates return to normal. Sediment 
data can also be collected to determine if the source of the lead is anthropogenic, or if it is from 
the sediments in the area. 
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Conclusions 
This study shows that the dissolved lead content of the Lehigh River decreases 
downstream from Palmerton and increases closer to it. This, coupled with its correlation with the 
anthropogenic elements zinc, aluminum, manganese, and iron, suggest an anthropogenic source 
upstream of the sample sites. The tributaries feeding into the Lehigh River along the sample sites 
do not show a significant contribution of lead or the other elements, ruling them out as the main 
source of the lead. While the data does suggest that Palmerton is a potential source of the lead 
content,​ ​many other possible sources of lead and these other elements exist upstream of the 
sample sites. Further study, such as collecting samples from the Lehigh River and its tributaries 
upstream of Palmerton, is needed to determine an exact upstream source. Sediment data can also 
be collected to determine if the majority of lead is coming from an anthropogenic source or if it 
is instead coming from the sediments. Additionally, more accurate discharge and flux values can 
be obtained by measuring the tributaries when flow conditions are more favorable, as 
unfortunately using programs like Google Earth and Caltopo, while giving an approximation, do 
not achieve the most accurate calculations. This study also shows that none of the sample 
locations of the Lehigh River nor its sampled tributaries have levels of lead toxic to humans and 
aquatic animals. The data shows that the lead is likely originating from an upstream source and 
that it is not hazardous.  
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Additional Data 
The concentrations of several elements were obtained for each sample, and not all of them were 
analyzed in this study. All of the elemental concentrations for the samples run in Lehigh’s 
ICP-MS are shown below (the first two rounds of sampling). 
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